Background: Studies increasingly suggest that the efficacy of certain dual antiretroviral therapy (ART) combinations is equal to triple ART. Increasing concerns among HIV-positive patients and physicians in Switzerland include ART cost and long-term ART safety and toxicity, i.e. taking only as many ART agents as necessary. The aims of this retrospective analysis are to report on the de-escalation of our entire clinic population of eligible patients with well-controlled HIV-infection to dolutegravir-containing dual ART. Methods: Starting in March 2015, we systematically considered the de-escalation of eligible patients to either dolutegravir/emtricitabine or dolutegravir/lamivudine, by discontinuing tenofovir disoproxil fumarate or abacavir. We report on the virological efficacy, tolerability and patient satisfaction ≥ 48 weeks after de-escalation. Findings: Of 106 HIV-positive patients followed in our clinic, 70 patients were de-escalated. Three returned to triple ART (insomnia after dolutegravir start, n = 2; new wish for single tablet regimen, n = 1). All de-escalated patients and all who continued triple ART had suppressed HIV viremia at last follow-up and were satisfied with their ART regimen, except for one patient who had virological failure after ART discontinuation in the setting of major depression. The most common reasons to not de-escalate included hepatitis B co-infection (n = 6), physician's concern about ART adherence (n = 6), patient reluctance to switch from a single tablet to a 2-tablet regimen (n = 7), patient satisfied with current ART (n = 5) and others (n = 12). Interpretation: ART de-escalation to dolutegravir/FTC or dolutegravir/3TC is possible in the majority of patients virologically suppressed on triple ART, and may effectively address patient and physician concerns about longterm safety and cost of ART.
Introduction
Current antiretroviral therapy (ART) guidelines recommend combination treatment using 3 drugs. However, concerns about long-term ART safety have emerged, including the potential for renal dysfunction [1] and osteoporosis [2] (for tenofovir disoproxil fumarate [TDF] and certain protease inhibitors [PI] ), and for cardiovascular events (with abacavir [ABC] and certain PIs) [3] . Several randomized studies now document that dual therapy including a PI therapy plus one nonnucleoside reverse transcriptase inhibitor (NRTI) is similarly effective to triple PI-based ART combined with 2 NRTIs [4] [5] [6] [7] . Case series in naïve patients and in virologically suppressed patients de-escalating to dual ART using dolutegravir plus either emtricitabine (FTC) or lamivudine (3TC) have also shown high rates of virological success [8] [9] [10] [11] [12] [13] . In some countries, such dual therapy now is frequently and successfully prescribed for cost reasons.
On this background, it was our best assessment that dual treatment using dolutegravir plus either FTC or 3TC represents an appropriate option to diminish long-term safety concerns and medication cost for patients with well-controlled HIV infection. Dolutegravir monotherapy was not considered because the virological failure rate appeared unacceptably high [14] . Here we report on the systematic de-escalating of an entire population of eligible patients in a Swiss university-affiliated HIV clinic from virologically suppressive triple ART to dual therapy with either dolutegravir/FTC or dolutegravir/3TC.
Methods
As of 1.3.2015, 2 infectious diseases specialists (SAW and PET) followed 106 HIV-positive patients in an HIV out-patient clinic. All patients were enrolled in the Swiss HIV Cohort Study (SHCS; www.shcs. ch) and provided written informed consent for anonymized collection and analysis of their clinical and laboratory data. All patients on stable suppressive triple ART (HIV RNA b 50 copies/mL for ≥ 12 months) were considered for de-escalation to dual therapy with dolutegravir/ FTC or dolutegravir/3TC, similar to our systematic switching away from protease inhibitors based on the best available assessment of the literature many years ago.
Ineligibility for de-escalation was assessed clinically by the attending HIV physician and included patients with pre-existing NRTI-or integrase inhibitor-associated mutations or hepatitis B co-infection, in whom TDF was not discontinued, and physician concern about ART adherence. Patients were extensively informed about the potential merits and limitations of dual therapy. Infectious diseases specialists in Switzerland are able to prescribe antiretroviral therapy agents approved by the federal authorities and in combinations they select, without requiring any written informed consent. For example, our center has been systematically avoiding protease inhibitors for many years (note in Table 1 that patients were typically de-escalated from an NNRTI-or integrase inhibitor-based triple ART regimen). Dolutegravir monotherapy was not considered because the virological failure rate appeared too high, and we agree with concerns expressed at meetings and in the literature [17, 18] that dolutegravir monotherapy should be given only in the setting of a research protocol and with the written informed consent of the patient.
The outcomes of interest in this case series were the number of patients who could or could not be de-escalated, the patient/physician reasons for this, the number of satisfied patients in each group, assessed by personal questioning, and the prevalence of HIV RNA b 50 copies/mL, measured ≥48 weeks after de-escalation or as of 31.08.2018 in patients continuing triple ART, respectively. This paper represents a retrospective, secondary analysis of routinely collected data. Standard HIV care was provided to all patients, including routine clinical and laboratory evaluation 2-3, 8-12, and 24 weeks after de-escalation, and at least twice yearly thereafter. We follow this same schedule in all patients in whom we change ART, i.e. no additional visits were scheduled because of de-escalation, but patients in whom ART was not changed were offered follow-up visits at the usual frequency, i.e. every 6 months.
Organ morbidity at baseline included decline in estimated glomerular filtration rate (eGFR) to b60 mL/min in those with previously normal eGFR [19] , low trauma fracture [20] , osteoporosis by DXA, and ALT elevation ≥ 1.5× normal. In any patient, ≥1 organ morbidities could be present. Concern about future renal or bone morbidity included patients who had confirmed N10% eGFR drop without drop to eGFR b 60 mL/min, and DXA-confirmed osteopenia. Some patients were enrolled in the SHCS core project metabolism and aging and underwent DXA and coronary CT angiography every 2 years; however, no additional imaging or laboratory tests were scheduled because of ART deescalation.
Results
Of 106 HIV-positive patients, 3 were elite controllers without ART, i.e. 103 patients were eligible to be considered for de-escalation. Their clinical characteristics are summarized in Table 1 . Organ morbidity was present in 25 (24.2%) patients (n = 9 renal, n = 20 osteoporosis, n = 3 liver), and concern about future morbidity in 24 (23.3%) patients (n = 8 renal, n = 19 osteopenia, n = 2 liver). All patients have been followed for ≥48 weeks after de-escalation or during continued triple ART, with no missing follow-up visits or laboratory values.
As shown in Fig. 1 , over the course of about 2 years, seventy of the 103 (67.9%) patients were de-escalated (n = 61 to DTG/FTC, n = 9 to DTG/3TC). Reasons for not de-escalating included patient-related reasons (n = 15) and physician-related reasons (n = 18). Patient-related reasons included reluctance to switch from a single tablet to a 2-tablet regimen (n = 7), patient satisfied with current ART (n = 5), anxiety about de-escalation (n = 1), patient unwilling to attend 2 additional clinic appointments after de-escalation (n = 1), and patient's HIVpositive partner unwilling to de-escalate (n = 1). Physician reasons for not de-escalating included NRTI resistance mutations (n = 2), hepatitis B co-infection (n = 6), concern about ART adherence (n = 6), concern about future need to modify epilepsy medication (n = 1), headache during previous DTG exposure (n = 2), and patient soon moving to another country (n = 1).
One patient elected to de-escalate ART but has been followed b48 weeks. In the de-escalation group, 66 of 70 (94.3%) patients were satisfied and expressed the wish to continue the new ART regimen; all these patients remain on the initially selected dual ART at last followup, ≥48 weeks after de-escalation. Four patients returned to triple ART because of insomnia after starting DTG within the first 2 weeks (n = 2), or because of a newly expressed wish to return to single tablet ART after 2 months of DTG-FTC (n = 1). One patient had virological failure (1.62 log HIV RNA copies/mL), 9 months after de-escalation, who admitted to discontinuing DTG/FTC in the setting of severe depression. No resistance-associated mutations were identified and 4 weeks into restarting DTG/FTC, HIV RNA decreased to 1615 copies/mL. However, because of continued concerns about adherence, this patient was then
Research in context
Evidence before this study Four randomized trials conducted in patients with well-controlled HIV infection document that de-escalating from triple antiretroviral therapy (ART) including a protease inhibitor plus two nucleoside reverse transcriptase inhibitors (NRTI) to dual ART with only one NRTI is as effective as continuing triple ART. Dolutegravir was approved for clinical use in Europe in 2014 and rapidly emerged as a well-tolerated and highly potent ART agent with a high barrier to HIV resistance. Several case series in ART-naïve patients and in well-controlled patients de-escalating to dual ART based on dolutegravir plus either emtricitabine or lamivudine showed high rates of virological success.
Added value of this study
In March 2015, we systematically started de-escalating HIVpositive patients followed in our Swiss University-affiliated clinic to dual therapy containing dolutegravir plus either emtricitabine or lamivudine. Considering contraindications to de-escalation (most notably, chronic hepatitis B infection and limited likelihood of ART adherence), we de-escalated 70 of our 103 patients. Of the 70 de-escalated patients, 4 returned to triple ART and 66 have successfully continued dual ART for at least 48 weeks.
Implications of all the available evidence
Together with the recent data from the randomized SWORD-1 and -2 studies, our data suggest that dual dolutegravir-based ART is similarly effective as standard triple ART for maintenance therapy in patients virologically suppressed on triple ART. Dual therapy may effectively address patient and physician concerns about cost and about potential long-term adverse effects of ART. The recently published GEMINI-1 and -2 trials now establish that dual dolutegravir-based ART is as effective as triple ART also in ART-naïve patients. Dolutegravir monotherapy may still emerge as a valid HIV treatment option in selected patients in the future.
switched back to triple therapy (TAF/FTC/DTG) and has suppressed HIV RNA at last follow-up.
As shown in Fig. 1 , 33 patients were not de-escalated to dual therapy. Of these, 17 patients remain on the original triple ART regimen at last follow-up. Sixteen patients were switched to other triple ART regimens within approximately 3 years, because of the availability of tenofovir alafenamide, in order to reduce the number of pills, or for other reasons. The new ART regimens included TAF/FTC/EVG/COBI (n = 5), TAF/FTC/DTG (n = 4), ABC/3TC/DTG (n = 3), or another triple regimen (n = 3). All 33 patients were satisfied with their ART choice, and all had suppressed HIV RNA at last follow-up except for 2 patients (one patient with a blip who had suppressed viremia at the last 2 routine follow-up visits, and one patient with limited ART adherence who had detectable viremia at the last 4 visits and was then lost to follow-up).
Discussion
Here we report on the systematic de-escalation to dolutegravirbased dual ART of the majority of a Swiss clinic population of patients with well-controlled HIV infection while on triple ART. Existing organ morbidity or concerns about future morbidity was recorded in almost half of the patients, providing a rationale for considering de-escalation to a regimen that avoids TDF, boosted PIs, or ABC for bone, renal, or cardiovascular health reasons. After careful consideration of contra-indications, patient preferences, and likelihood of ART adherence, about 2/3 of our patients were de-escalated. Only few de-escalated patients subsequently returned to triple ART, and none because of insufficient virological efficacy but for tolerability reasons or personal preference.
While emphasis continues to be placed on triple ART in current guidelines, some HIV clinicians have begun sparing one NRTI in patients Fig. 1 . Proportions of patients that were switched to dual therapy or that remained on original triple ART regimen after 01.03.2015. Kaplan Meier Plot for probability of remaining on the ART regimen in use on 01.03.2015 over 183 weeks of follow-up in the dual and triple ART groups with 95% confidence intervals (log-rank test p b 0.0001). The graph illustrates patients who were de-escalated to dolutegravir-containing dual therapy (n = 70) and patients who continued triple ART (n = 33; of which n = 16 switched to another triple ART combination, and n = 17 continued the original triple ART regimen). with suppressed HIV [21] , for two main reasons; first, evidence for the virological efficacy of dual therapy using 3TC or FTC plus either a PI [4, 5] or dolutegravir [8] [9] [10] [11] [12] [13] is now convincing, suggesting that TDF, tenofovir alafenamide (TAF), or ABC as "third" agent may be unnecessary, because they add to long-term toxicity and cost concerns in wellcontrolled patients. Second, compared to triple ART using TDF, the alternative of switching to TAF has only limited bone and renal benefits, a slightly unfavorable LDL-cholesterol effect, and the cost of TAF is high compared to generic TDF. This suggests that systematic switching of all patients from TDF to TAF is neither ideal nor always necessary. The single pill, fixed-dose combination TAF/FTC/bictegravir may now provide an additional effective alternative ART regimen for patients in whom the third agent cannot be stopped. Our best assessment today is that de-escalation from suppressive triple ART to dolutegravir/3TC or dolutegravir/FTC is safe, effective, and carries only a very small resistance risk [8] [9] [10] [11] [12] [13] , suggesting that previously expressed concerns about the merits, cost, and safety of ART simplification to dual therapy should be re-assessed [17, 18] . Intriguingly, the manufacturer of dolutegravir is now actively pursuing the dual therapy strategy, consistent with perceived efficacy and commercial viability of this approach [13, 22] . While the virological failure rate with dolutegravir monotherapy may be unacceptably high [14] , dolutegravir monotherapy may still emerge as a valid de-escalation option in selected patients in the future.
In our patients, we preferred FTC over 3TC due to longer half life and potential association with protection from end-stage liver disease [15] . However, randomized studies now suggest similar virological efficacy and thus the interchangeability of 3TC and FTC [16] . Additional arguments favoring the selection of 3TC rather than FTC today include reduced cost compared to FTC due to availability of generic 3TC, and in the future may include convenience (i.e. availability of fixed-dose combination 3TC-dolutegravir).
Our data is limited by the number of patients de-escalated and the follow-up time attained during dual ART, and does not apply to the selection of initial ART. Longer observation periods are required to document the durability of the virological success and any measurable clinical benefit as regards e.g. renal function or bone mineral density. In addition, regular follow-up in the setting of the successfully ongoing Swiss HIV Cohort Study, with high rates of viral suppression and modern ART regimens, may indicate a clinic population with a higher future likelihood of successful dual therapy than in other settings. Most of our patients had suppressed viremia for many years, and were continuously treated (some for N10 years) by the same attending physician, suggesting high levels of ART adherence, strong physician-patient relationships, and high levels of reciprocal trust. For these reasons, our favorable deescalation experience should only cautiously be extrapolated to other populations.
Interestingly, an increasing pill number was considered by few patients as reason against de-escalation. On the contrary, the vast majority of patients were convinced that minimization of pill number was less important than prescription of not more than the necessary number of ART agents with the least potential for long-term toxicity. We suggest that limitation of ART agents prescribed to the minimally necessary number represents an appropriate goal for modern HIV care. A main topic of conversation with our patients now is the management of existing or avoidance of future "metabolic" complications, including dyslipidemia, cardiovascular, renal, and bone events. In addition, ART cost is regularly perceived as excessive by our patients. This may surprise given that ART is covered by Swiss insurance carriers and our clinic is located in a resourcerich country. In our clinic, many patients try to pursue a healthy lifestyle, seek medical information from multiple sources including the internet, perhaps increasingly reflecting phenomena that have been interpreted in the setting of trends towards "postmodern medicine" [23] and "healthism" [24] , including (possibly increasing) skepticism towards the pharmaceutical industry.
The effectiveness of dual, dolutegravir-based ART was recently recorded in a systematic review and meta-analysis [25] and is receiving increasing attention at scientific meetings [21] . Dolutegravir-based dual therapy is being prescribed to an increasing even though still limited number of patients by Swiss HIV clinicians. In January 2018, 142 of 9458 (1.5%) ART-treated SHCS participants were taking dual, dolutegravir-based ART (increasing from 0.5% of participants in 2015 to 1.3% in 2016 and 1.6% in 2017). Fourty-eight of 196 (24.5%) SHCS-affiliated physicians were treating N 1 patient with dual, dolutegravirbased ART outside of clinical trials in 2017 (Alexandra Scherrer, SHCS data center, University of Zurich, personal communication). Dolutegravir-3TC dual ART was recently confirmed to be non-inferior vs. dolutegravir-TDF-FTC in randomized trials in ART-naive patients (GEMINI-1 and -2, ClinicalTrials.gov NCT02831673 and NCT02831764) [26] . We await with interest the results of an ongoing clinical trial of de-escalation to dolutegravir-3TC dual ART in patients with well-controlled HIV infection in Switzerland (simpl'HIV, ClinicalTrials.gov NCT03160105).
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